Abstract-Detailed analysis of the physical motions of real agricultural workers is meaningful, especially in terms of passing on the traditional manual skills of experienced workers. By investigating the manual daily tasks of outdoor workers, we developed wearable sensing systems. Focusing on traditional skills, we established a system of providing vocal instructions to inexperienced workers to improve their motions and postures. Timeline acceleration and angular velocity data were recorded by sensors attached to the arms and waist of the users, and the hoe they used. Data were sent to original programs installed on a laptop computer carried in a knapsack. Data were logged and processed using various methods. Vocal instructions that we recorded previously were sent to the inexperienced workers through an earphone to improve their agricultural techniques. Furthermore, we visually observed the workers with a video camera and analyzed the images with software using Optical Flow. We obtained detailed data related to timeline analysis. The analyses not only confirm the usefulness of the system but also reveal subtle changes graphically and numerically. We thus demonstrated that the system can improve worker motions by sending vocal instructions.  Index Terms-changes due to vocal instructions, traditional agricultural skills, acceleration sensor, wearable system
I. INTRODUCTION
Various state-of-the-art agricultural technologies have been reported. Among these, technologies that support agricultural workers by passing the skills and traditions of experienced agricultural workers to inexperienced workers are considered promising [1] - [3] . The field of agricultural informatics in itself has grown and advanced. Various touch systems, particularly Wearable Sensing systems (WSs) [4] - [6] , and non-touch systems have been developed for different applications [7] , [8] .
Previous studies have investigated real user instructions that can be followed to better complete physical tasks, in particular tasks relating to agricultural work [2] , [3] . Such studies have provided technological support to real workers. The present study analyzed timeline changes in numerical data, such as short-term ups and downs and growth curves, for a physical task performed by agricultural workers.
II. METHODOLOGY

A. Targeted Task
We categorized common agricultural tasks from various points of view (e.g., their intensities, generalities, and average postures) and then selected the action of "tilling with a hoe" because the action is popular around the world, repetitive, and a rather intense full-body movement.
Each inexperienced subject participated in six trials. Each trial comprised 30 swings and took approximately 1 minute, and was followed by a 10-second rest. Sets of six trials were conducted successively for the different subjects, on the same day. There was an interval of a few minutes between sets.
Subjects in Group A participated in three trials with Vocal Instructions (VIs) and then three trials without VIs, while subjects in Group B participated in three trials without VIs and then three trials with VIs.
Before the trials, we interviewed the subjects about their daily lives. Including duration, the numbers of tasks, and sets thought as appropriate and well balanced.
B. Support System
Past studies have insufficiently addressed subtle changes related to the physical motions of agricultural workers. From the results obtained by Kawakura [2] , we designed support systems for agricultural workers, such as a Wearable Sensing system (WS) that included three TSND121 multi-sensors (see Fig. 1, Fig. 2, Fig. 3 , and Fig. 4) .
We used this WS to obtain time series of acceleration and angular velocity data in outdoor experiments, and analyzed the data using original programs written in Visual Basic 2010. We also obtained visual data for the subject in a static position from a distance of 3.5 meters using a common (nonspecific) digital video camera (CANON 410f ixy, 20 fps) (see Fig. 5 ). Considering the results of Kawakura [2] , we analyzed visual data using programs written in Visual C++ to calculate and to output matrix CSV-format data, and using various general Open CV 2.3 packages (including libraries and classes) [7] , [8] .
Furthermore, we employed a method based on the sum of squared differences, where the sum of the square of differences in pixel values between sequential two frames is minimized as expressed in (1) .
i and j are the numbers concerning differences of pixcel.
α and β are the numbers of current calucurating pixcel.
All numbers are integer. The symbols of Optical Flow based analysis are below (see Table I and (2)- (6)).
i and j are the numbers of current calucurating vector. s(i) is the length of vector. m(i) is the mean value. All numbers are integer.
i and t are the numbers of current calucurating vector. s(i) is the length of vector. All numbers are integer. 
C. Subjects
(1) Twelve inexperienced subjects (see Table II ), (2) one experienced subject who has almost average body size for an experienced Japanese farmer, and (3) six other experienced subjects participated in the experiment. All subjects were male. The experienced subject (2) had five years' agricultural experience, which is recognized as generally sufficient by many farmland managers who we interviewed.
We selected subjects such that their ages, stature, and weights were as even as possible. The subjects did not have remarkable mental or physical characteristics in terms of having a serious disease or special athletic experience. Additionally, we selected subjects who had rather average stature and weight. We thus considered the subjects appropriate for this study. 
D. VIs
We presented the subjects with WAV files as VIs. Before each experiment, we recorded a natural voice using a common microphone and converted the voice signal to digital data using the free software Audacity.
To ensure adequate speed of the WS, the file size and resolution rate of the VIs were made as small and low as possible. The length of each VI was around 8-9 seconds. Table III gives the body parts targeted by the VIs, the contents of VIs, the triggers (criteria) of VIs, the span of the time window related to analysis, the fitting ratio for the experienced subject, and the fitting ratio for the inexperienced subject (i.e., the first three trials for Group B).
We stored the VIs on a small laptop computer (weighing about 1kg) and played them back via a program written in Visual Basic according to numerical thresholds of original programs installed on the laptop computer. The subjects could thus listen to the files. The VIs were considered to reflect ideal, typical motions of the experienced worker for each action of the task.
The criteria given were determined from a preliminary comparison of experienced and inexperienced subjects. We employed time-window-based analysis of each data using a span of 1 or 5 seconds reviewing many raw data.
E. Indicators
After basic trials, we defined ordinary indicators concerning acceleration data in the vertical direction and Optical Flow (OF) analysis data (CSV files): the maximum value, the minimum value, the Standard Deviation (SD), and the Direct Current (DC) component [5] .
Such indicators have been used in other studies. In particular, the SD and DC were found to be significant indicators. The nine indicators for the OF analysis are given in Table I . For the analysis of acceleration and angular velocity data, we used the 95th-percentile values to eliminate outliers and noise.
III. RESULTS AND DISCUSSION
In the experiments, we obtained various data for the analysis of the VI systems used by the agricultural workers.
1) Table III reveals that the fitting ratios for inexperienced subjects (Group B) were higher than those for the experienced subject. Because the numbers were determined from raw data qualitatively, they were supposed to be reasonable.
2) After giving VIs to inexperienced subjects (Groups A and B), we recorded and recognized various numerical changes (see Table IV and Fig. 6 and Fig. 7) . We can consider the data to be growth curves for skills.
There were significant sequential changes in the values of acceleration and angular velocity for the cultivating (digging) movements of the inexperienced workers.
For instance, in timelines from the first to fourth trials for Group A, the average total count of VIs decreases. Later (at about the sixth trial), however, there was no further decrease in the total count of VIs. Additionally, there was a change for Group B from the third to sixth trials, indicating an effect of the VIs.
We believe that the above changes reflect the movements of inexperienced subjects approaching the ideal, sophisticated movements of the experienced subject. Figure 6 . Changings of total times of VI of "Take your hoe with an appropriate angle" Figure 7 . Changings of total times of a VI of "Body is leaning forward to excess"
3) We analyzed the intervals of VIs related to sequences of VIs, especially regarding the instruction "Take your hoe with an appropriate angle". This instruction relates to the average values of hoe acceleration (in short, the DC component of the hoe's acceleration).
In the case of Group A, after VIs were transmitted, the intervals became longer, and it seemed the system had the expected positive effect. In contrast, there was no change for Group B (see Fig. 8 and Fig. 9 ). The intervals related to the instruction to "Lean the body forward" are shown in Fig. 10 and Fig. 11 . This instruction concerns the average values of waist acceleration (the DC component of waist acceleration).
In the case of Group A, after receiving VIs, the interval times increased, again probably because of the effect of the VIs. There was only small changes for Group B. The raw data of the S.D. component and DC component were likely to increase slightly for each subject. This phenomenon was perhaps due to the subjects establishing a rhythm as they warmed up. These characteristics were common to both the hoe and waist acceleration data.
We calculated significant differences between Group A and the experienced group and between Group B and the experienced group (see Table V and Table VI) .
It is difficult to comment on these differences, but early differences in the DC component and minimum value appear to be important. We calculated the ratios between two conditions with/without VIs for the same subjects, and the difference with experienced subjects (without VIs) (see the gray and orange rows in Fig. 12 ). In terms of changes in data, we observed that the use of the system reduces the difference with the data for experienced subjects.
Overall, for Group A, each index was likely to change slightly after VIs were given. Furthermore, we suppose that the benefit of VIs gained by the users was only of short term.
Group B members were likely to work anemically while they had no VIs. This was probably due to fatigue. After they received VIs, the subjects recovered their momentum. The visual observation suggests this is a natural recovery.
IV. CONCLUSION AND FUTURE WORK
The present study constructed and demonstrated an instructional system for use at outdoor agricultural work sites, and presented various types of numerical data relating to worker performance in a specific task.
We obtained meaningful results, especially concerning the presentation of successive VIs to inexperienced workers. Subsequent positive effects were found throughout the study. By focusing on traditional agricultural skills and related daily tasks of experienced subjects, we verified the usefulness of our system.
The proposed system has various future prospects in that it can be used with the latest informatics, electronics, statistics, and human dynamics to contribute to improved agricultural practices.
We wish to further confirm the validity, durability, precision, long-term effects, and above all social attributes of the system in future work. Additionally, we should include a greater variety of statistical data.
Other methodological settings (e.g., other timelines of trials, other tools, other field conditions, and indoor spaces) should be investigated in future studies. We have many plans to apply our system to other natural outdoor sites, other industries, and other situations. Furthermore, the launching of practical support projects for workers appears promising.
The aforementioned trials face many challenges at least for now, but they will cover worker contributions and traditional skills of agricultural industries more comprehensively.
